Background Hip fractures in the elderly are common and associated with considerable mortality and disability. Although well known in industrialized countries, the factors associated with mortality after hip fractures are not reported frequently in developing countries and little is known regarding risk factors in Latin America.
Introduction
Hip fracture is one of the most feared consequences of osteoporosis. Hip fractures are associated with high postfracture disability, increased mortality, and high healthcare expenditures [8, 29] . It has been estimated the number of hip fractures will increase by 310% in men and 240% in women by 2025, owing to aging of the population Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution approved or waived approval for the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. Mario A. Sayeg-Deceased. [30] . A large Danish study showed persons with a hip fracture had a hazard ratio of 3.84 of dying in the next year compared with age-and gender-matched control subjects [54] . One study estimated that in 1990 worldwide there were 1.31 million new hip fractures, which led to 736,000 deaths and 2.9 million disability adjusted life-years [29] . Between 1999 and 2002 in the United States, Medicare spent almost $3-billion (USD) per year for health care related to hip fractures [2] , and another study showed the costs related to hip fracture were approximately $31,000 (USD) for health care up to 6 months after fracture [34] .
Two retrospective chart studies examined mortality after hip fractures in elderly Brazilians. In the first (65 patients) study, the 1-year mortality rate was reported as 30% [15] . In the second study, 89 charts were reviewed and an inhospital mortality of 14% but no 1-year mortality was reported [38] . In one small prospective study (56 patients), a mortality rate of 23% after 6 months was reported, but factors that predicted mortality were not evaluated [11] .
The reasons for the increased mortality attributable to hip fracture have been investigated mostly in developed countries, but they are not reported frequently from developing countries [48] . The additional mortality may be attributable to complications after the fracture such as pulmonary embolism and infections or to comorbid conditions already present before the fracture [32] . Several studies document comorbid diseases and prefracture health status are associated with the 1-year postfracture mortality [28, 46, 52] , whereas others show no influence of these factors [10, 55] . Studies from developed countries suggest preoperative factors increasing the risk of mortality are race (nonwhite) [27, 42] , old age [10, 12, 28, 52] , presence of dementia [24, 42] , male gender [12, 24, 33, 42] , serious concomitant illness [10, 12, 33, 52] , low body mass index (BMI) [24] , low handgrip strength [37] , not walking outdoors before fracture [37] , history of hip fracture [4] , delirium at admission [9] , postoperative complications [46] , high preoperative risk score [24, 44] , and postoperative mobility [25] . In developing countries, orthopaedic services are less available. One study suggests the cost of a hospital stay for a patient with a hip fracture in 2004 was 13% of the total expenditures for hospital care for adults in Brazil [41] . The population in Brazil, as in other Latin American countries and other developing countries, is aging rapidly, and the incidence of hip fractures is expected to increase the most in developing countries [19, 29] . Identifying the variables influencing mortality in these countries potentially would allow the development of interventions to improve recovery and reduce mortality [1] .
We therefore (1) determined the rate of 1-year mortality and (2) identified prefracture and fracture characteristics associated with mortality after a hip fracture in elderly Brazilian patients.
Patients and Methods
In January 2001, we initiated a longitudinal prospective study at four municipal hospitals in Rio de Janeiro, Brazil. These hospitals accounted for 55% of hip fracture surgeries covered by the Brazilian Public Health System (SUS) in Rio de Janeiro in 2000. These four hospitals were chosen because they deal with the majority of the hip fractures in older patients, as they have an intensive care unit available. Not all hospitals in Rio de Janeiro have an orthopaedics department. Partly these four hospitals were chosen for practical reasons as the study physician (SRMP) coordinated the study, recruited, and interviewed all patients. From April to November 2001, 270 subjects 60 years and older admitted consecutively with a femoral neck or intertrochanteric fracture attributable to a fall were eligible for the study. Patients with a fracture attributable to a traffic trauma or who had a pathologic fracture attributable to cancer were not eligible for inclusion in the study. For patients who for cognitive reasons or physical reasons were unable to participate in the study by themselves, a family member was approached and gave proxy consent. Data were collected for these 270 patients during the first hospital admission attributable to a hip fracture from an interview and from medical charts. During the hospital stay, data on admission, type of fracture, anesthesia and surgery, comorbidities, and medication use were extracted from the medical chart. Eighteen patients were unable to participate in the interview during the hospital admission and a family member responded to questions. Patients needed to provide a valid address when admitted to the hospital to be contacted for the followup interview. In Rio de Janeiro, patients are required to go to the hospital nearest their home to receive treatment. Patients in Rio de Janeiro commonly provide incorrect address information so they can be treated in a certain hospital and 10 patients were excluded because they could not be contacted for followup. Twelve of the 270 patients could not be located in the hospital to conduct the interview. Two individuals refused to participate in the study. Thus, the final sample included 246 of the 270 subjects (91%) from four hospitals. Nonresponse analysis was conducted to compare the participants with the excluded patients and there were no differences regarding age, gender, and marital status. One year after the hip fracture, all living patients were interviewed at home by the study geriatrician (SRMP). The research ethics committees from all four hospitals approved the study and verbal informed consent was obtained from all participants.
After 1 year, 86 patients had died (35.0%). The date of death was reported by a family member when they were contacted for the followup interview. All remaining patients (n = 160) participated in the followup interview.
However, for 19 of those patients, a proxy helped to answer questions.
To measure functional status, the Brazil Old Age Schedule questionnaire [53] was used as it was validated in Portuguese in Brazil. The version used has 10 items: can you (1) use public transportation on your own (bus, van, taxi, train, subway, ferry, etc); (2) walk outdoors on your own; (3) feed yourself; (4) dress yourself; (5) walk inside the house on your own; (6) climb stairs on your own; (7) get out of bed on your own; (8) bathe yourself; (9) control your bladder; and (10) go to the toilet on your own. The answer categories are (0) yes or (1) no. Scores ranged from zero, for the patient who was not disabled, to 10, for an individual who was disabled in all these activities. The number of functional limitations was grouped for the analyses.
The following health and sociodemographic variables were obtained from the medical charts. Gender, age, and marital status were recorded. Marital status was classified as single, married, divorced, or widowed, and for analyses, it was grouped into married versus other. Ethnicity was classified as white, black, or not white/not black.
Site of fall, type of fracture, traction used before surgery, number of days between admission and surgery, number of days between fracture and hospital admission, total length of hospital stay, and surgical risk score (American Society of Anesthesiologists [ASA] score [40] ) were obtained. Site of fall was classified into two categories: outside the house versus inside the house. Type of hip fracture was classified as neck of the femur versus intertrochanteric for the analyses. The ASA risk scores 1 and 2 were combined into low risk and 3 and 4 into high risk. Type of surgery, anesthesia used during the operation, perioperative or postoperative complications (only bleeding, infection of surgical site, and thrombosis [including cerebrovascular accident, venous thrombosis of legs, pulmonary embolism, and arterial embolism of legs] were available), and traction used before surgery (yes/no) were recorded. Furthermore, medication use before and after surgery (use of antihypertensive, sedatives/antipsychotics/ anxiolytics, oral hypoglycemic medication, antiinflammatory medications, antidepressants, antiParkinson, antibiotics, antiarrhythmics, bronchodilators, hormones, anticoagulant/ platelet aggregation inhibitors, inotropic medication; all yes/no variables) and comorbid diseases (diabetes mellitus, chronic obstructive pulmonary disease, stroke, cardiovascular disease, depression, cataract, glaucoma, hearing impairment, hypertension, and urinary incontinence; all yes/no variables) were assessed at admission and abstracted from the medical charts. Type of surgery was classified as arthroplasty or osteosynthesis. Anesthesia used during the surgery was classified as general or epidural anesthesia (including spinal anesthesia). Furthermore, from the medical chart, it was assessed where the patient was discharged to and classified as home or other (nursing home, to stay with a family member, or to stay with another person). Delirium after surgery was determined by using information from progress notes of the doctors and nurses in charge or determined during the interview by the study geriatrician (SRMP). No assessment instruments were used.
The following variables were asked of the patient. Education level was assessed by asking the number of years of school attended. Educational level was classified in five groups: illiterate, 1 to 4 years, 5 to 8 years, 9 to 11 years, and 12 years and more. Living arrangements were dichotomized as living alone or not. Patients were asked if they were still working before the fracture (yes/ no). Weight was assessed using a calibrated scale. Height was assessed in the hospital for patients who were able to stand up straight. When patients were unable to stand up straight, he or she was asked to lie down on his or her back in the bed and height was estimated using a similar measurement. BMI was calculated and was classified as underweight (BMI \ 22.0), normal (BMI = 22-27), and overweight/obesity (BMI [ 27) [35] . Asking the patient whether he or she had experienced dizziness and balance problems assessed self-reported dizziness before fracture. Physical therapy (yes/no) was assessed by asking the patients if they had received physical therapy after the hospitalization.
Time until death after fracture was calculated using the date of death given by the family member and the date of fracture obtained from the medical chart. Descriptive t tests and chi square tests were performed to assess differences between patients who died (86) and patients who survived (160) 1 year after hip fracture.
We conducted Cox regression analyses to investigate the risk factors for mortality. The correlations between all factors were examined and were less than 0.6, so all the variables could be combined in a multivariable model. For all single risk factors, the association with mortality was examined using Cox's proportional-hazards models adjusted for age and gender. All variables associated with mortality with a p value less than 0.10 were entered in one model adjusting for age and gender. A final model was constructed using a manual backward selection method to delete nonsignificant variables from the final model using the À2 log likelihood test. For the variable ASA risk score, there were 35 patients with missing information, and these were classified as missing (separate dummy variable in the analyses). For the other variables, six patients were missing information on location of the fall, 15 were missing information for type of surgery, five were missing information for BMI, and three were missing information for level of education. The univariate analyses were performed on the complete cases for each of the variables. The multivariate model was performed using only the complete cases for all the variables retained from the univariate analyses (n = 240, 97.6% of total sample). All the analyses were performed using the statistical package SPSS 1 Version 15.0 (SPSS Inc, Chicago, IL).
Results
Eighty-six patients died, resulting in a 1-year mortality of 35.0% (Table 1) . Of the 67 men, 29 men died (43.3%), and of the 179 women, 57 women died (31.8%) within the first year after fracture. Of the 86, 22 died in the hospital within 30 days (25.6% of those who died), therefore, the in-hospital mortality rate/30-day mortality rate was 8.9%. Sixty-four patients (74.4% of those who died) died after discharge. Of those who died in the hospital/within 30 days, 50% were women and 50% were men. Fifteen patients died before undergoing surgery.
Seven patients died of pneumonia, one died of pulmonary embolism, one died of cerebral hemorrhagic event, and one died of hypoglycemia. For the five others, no cause of death was noted in the medical chart. Those who died before surgery more often were male (53.8% versus 25.5% of those who had surgery, p = 0.019), slightly older (84.0 years versus 78.8 years, p = 0.036), and had more functional limitations (3.4 versus 1.2, p = 0.025). There were no differences in number of comorbid conditions, type of fracture, or location of the fall. There were no differences in marital status, level of education, or ethnicity.
In the univariate Cox regression analyses, the number of functional limitations, age, gender, having diabetes, having had a cardiovascular accident, and higher surgical risk all were associated with increased risk of mortality ( Table 2 ). The use of antibiotics after surgery and physical therapy after surgery were associated with decreased risk of mortality in the univariate analyses (Table 2 ). In the multivariable analyses, the hazard ratio (HR) was 1.75 for patients with one to two functional limitations, 1.18 for patients with three to four limitations, and 4.35 for patients with five or more limitations compared with the reference group without limitations ( Table 2 ). The HR was 3.07 for patients 70 to 79 years old and 6.48 for patients 80 years or older compared with the reference group (60-69 years). Men had a HR of 2.04 compared with women. Patients with ASA scores of 3 or 4 had a HR of 2.15 compared with patients with ASA scores of 1 or 2. The use of antibiotics after surgery and the use of physical therapy decreased the risk of mortality (HR for use of antibiotics, 0.51; HR for use of physical therapy, 0.32). 
Discussion
Hip fractures in the elderly are common and associated with considerable mortality and disability. The factors associated with mortality after hip fractures have not been studied often in developing countries. In a prospective study, we therefore (1) determined the rate of 1-year mortality and (2) identified prefracture and fracture characteristics associated with mortality after a hip fracture in Brazilian elderly. We acknowledge several limitations. First, we relied on the reported date of death by family members. We suspect this would not substantially affect the data as family members would not likely misreport the death of another family member. Second is our small sample size, which might lead to our findings being less generalizable to the population in Brazil. Owing to practical reasons, we did not recruit subjects in additional hospitals (particularly outside a metropolitan area) or for a longer time. However, in this study, patients were from the four major hospitals, representing 55% of the total population with hip fractures in Rio de Janeiro annually, and our loss to followup was low; patients died, but no participant refused to do the followup interview, thereby reducing selection bias. Third, some information obtained from the charts had missing data, eg, the ASA risk scores were missing for 35 patients; these patients were grouped as a separate category and kept in the analyses. For the other variables, the amount of missing data was very low. Fourth, use of the charts gave information without having to bother the patient, who usually is in considerable pain and discomfort before the surgery. In addition, we relied on proxy information for some patients unable to participate with interviews, although the number of proxy interviews was small (n = 18). The use of proxies allowed us to follow patients who otherwise would have been lost to followup. Finally, our findings from metropolitan hospitals in Brazil might be less generalizable to developed Western countries with different healthcare systems. However, as the other countries in Latin America have similar healthcare systems and the populations are aging as rapidly as the Brazilian population, our results might be generalizable to other Latin American countries. The strengths of our study are that we used a prospective design, had a 1-year followup, had consecutive recruitment of all patients with first hip fracture, had a high response rate, and examined a wide array of risk factors.
Our first aim was to determine the 1-year mortality rate. Our in-hospital mortality rate was 8.9%, whereas our 1-year mortality rate was 35.0%. The in-hospital mortality varies considerably among countries, which might reflect different inclusion and exclusion criteria. Previous studies in Canada [28] and Italy [12] have had in-hospital mortality rates of 6.3% versus 5.4%, respectively. Studies from the United States have shown low in-hospital mortality rates of 1.6% and 1.8% [7, 23] . In another study from a developing country, Thailand, an in-hospital mortality of only 2.1% and a 1-year mortality of only 17% were reported. Previous retrospective studies from Brazil have reported 6.5% inhospital mortality [15] . The 1-year mortality of 35% in our study was high compared with the rates in previous studies from developed countries, in which mortality rates were reported between 15% and 25% [6, 16, 18, 20, 21, 31] , but in agreement with previous reports from Brazil by Garcia et al. [15] who reported 30% and Fortes et al. [11] who reported 23% after 6 months. Our 1-year mortality rate is in disagreement with that of Vidal et al. [56] who reported a rate of 21.5%. But those analyses were restricted to patients who had undergone surgery, whereas in our prospective study, 15 patients (6.1%) died before the surgery. The second aim of our study was to examine prefracture and fracture characteristics associated with mortality. Functional status before fracture, older age, male gender, and higher surgical risk increased the risk of mortality, whereas the use of antibiotics and physical therapy after surgery decreased the risk. Previous studies showed functional status before fracture [14, 42, 45, 52] , male gender [12, 15, 28, 33, 36, 42, 47] , older age [10, 15, 28, 36, 43, 47, 50, 52, 55] , and higher ASA scores predicted mortality in older patients [24, 26, 33, 44, 49] (Table 3) , which is in agreement with our findings. In our study, we did not see a difference in mortality between patients undergoing arthroplasty versus patients undergoing osteosynthesis, which is in agreement with mortality reported by Garcia et al. [15] and others [18, 33, 37] . However, others have reported an increased mortality rate for patients who had arthroplasties [39, 54] . It has been suggested the reason for this increased mortality after arthroplasty could be higher use of arthroplasty with older age, but so far the evidence is inconclusive [18, 54] . Finally, many authors have reported the impact of comorbid conditions on mortality [10, 12, 14, 28, 36, 37, 42, 46, 47, [50] [51] [52] , whereas we did not observe this. This might be attributable to our measurement of comorbid conditions. We had to rely on the hospital charts in which the comorbid condition was recorded as yes/no and we did not have the level of severity. However, in our Variables associated with mortality in univariate analysis (p \ 0.10) were selected as candidate determinants for the multivariate analysis; a final model (age and gender adjusted) was constructed using manual backward selection method to delete nonsignificant variables from the final model using the À2 log likelihood test; *p value for the group dummy variables; HR = hazard ratio; CI = confidence interval; BMI = body mass index; BOAS = Brazil Old Age Schedule; ASA = American Society of Anesthesiologists. study, functional limitations were a strong predictor of mortality, which might have captured some of the effect of the comorbid conditions. The use of antibiotics perioperatively [3] and the use of physical therapy postoperatively improves recovery, although the best form of physical therapy has yet to be determined [3, 5, 22, 25] . Only 162 of the 246 patients (66%) received prophylactic antibiotics after surgery, although antibiotics reportedly prevent infections after hip surgery [17] . For our study patients, there was no antibiotic used preoperatively unless there was a clinical diagnosis such as urinary tract infection. The antibiotics were administered to patients within 60 minutes of the surgery in the operating room. The antibiotics were continued for 2 days unless there was an infection in which case they were continued for a longer period. Unfortunately, antibiotics after surgery are not always available. This unavailability of antibiotics in the public health system is not rare. On some days, there are no antibiotics, so none of the patients receive them, whereas on other days, it is available and all patients receive them. Making antibiotics more available in Brazil for older patients after surgery may increase their survival after hip fracture. Fortes et al. [11] reported 46% of the mortality was attributable to infections. In our study, 12 patients who died after surgery died of pneumonia and 14 patients had urinary tract infections after surgery. Furthermore, a previous Brazilian study also reported the use of physical therapy was associated with decreased mortality [38] . Not all the patients undergoing surgery for a hip fracture receive postoperative physical therapy. At the time of our study, in-hospital physical therapy programs were not available in any of the four hospitals. Therefore, this finding might be because only patients with good functional status after discharge and/or patients who lived in better socioeconomic circumstances who could afford physical therapy and the associated costs of transportation received physical therapy. However, these factors are modifiable and could improve survival of patients in Brazil after hip fracture surgery. With the expected increase in the older population in Brazil, these are relevant interventions to prevent morbidity and mortality after a hip fracture.
The 1-year mortality after hip fracture was high, 35%. Men and patients with more prefracture functional limitations and higher surgical risk had an increased risk of mortality. As the population of Brazil ages and orthopaedic services and osteoporosis treatment are not as widely available in Brazil, a large increase in the incidence of hip fractures can be expected. In developed countries, despite the increase in proportion of older persons, the mortality rate attributable to hip fractures has not changed during the last 40 years as a result of improvements in medical management of hip fractures (early surgery, better operative techniques, better nursing and community care for patients) [21] . It is less clear how aging of the population in Brazil and increase in hip fractures will develop with time. Patients who received physical therapy and antibiotics after surgery had a lower risk of mortality, showing potentially modifiable factors to improve survival after hip fracture surgery.
